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components for, selectively, converting electricity 1nto
potential energy by expelling water from within a tank into
the surrounding sea and for generating electricity from an
incoming tflow of water re-entering the tank under hydro-
static pressure. The tank comprises at least one elongate
rigid pipeline that may be lowered to the seabed as part of
a towable unit or laid on the seabed as a pipe string launched
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1
SUBSEA ENERGY STORAGE

This invention relates to the storage of energy underwater,
using subsea energy storage systems for the purpose of
generating electricity on demand.

When operating electrical power grids, it 1s a well-known
challenge to match the supply of electricity to rapidly-
fluctuating demand. Conversely, the use of intermittent
power sources such as solar, wind and other renewables
results 1n short-term fluctuations 1n generating capacity.

Even a transient mismatch between the supply and
demand of electricity can cause an unacceptable variation 1n
supply frequency across the grid. Consequently, it 1s routine
to employ a mixture of generating assets with different
attributes. Those assets typically comprise continuously-
operating base-load sources, such as power stations powered
by gas, coal or nuclear energy, and faster-reacting short-term
sources, such as generators powered by gas turbines or
diesel engines.

In addition, 1t 1s common for electrical power grids to
employ load-balancing measures that involve temporary
storage of energy. Energy may be stored in various ways, for
example as electrochemical energy in batteries or as poten-
tial energy 1n reservoirs, such as are used 1n pumped-storage
hydroelectricity schemes. Other, less mature, energy-storage
solutions 1nclude the use of flywheels or of compressed atr.
In each case, the stored energy can be released almost
instantly to supply or to generate electricity on demand.

Elegantly, excess electricity from periods of low demand
can be converted 1nto electrochemical or potential energy to
be saved for periods of higher demand. Typically this
involves using the excess electricity to charge batteries or to
pump tluids to higher heads or pressures. The fact that such
an arrangement must be a net consumer of electrical energy
1s outweighed by benefits to the overall grid system, includ-
ing more eflicient use of base-load sources and minimising
overcapacity of very expensive generating assets.

Energy 1s stored and discharged cyclically, most typically
on a daily cycle reflecting different levels of demand for
clectricity during daytime and night-time periods. However
to maintain control of the power grid, storage and discharge
actions may be planned and executed on timescales ranging
from days to seconds.

There 1s an increasing need for electrical power grids to
be supplemented by short-term, quick-reacting energy stor-
age systems. That need 1s driven by both supply-side and
demand-side challenges. The main supply-side challenge 1s
the increased reliance upon renewable energy sources,
which can only provide a discontinuous or intermittent
supply. A major demand-side challenge 1s how to recharge
the rapidly-growing number of electrically-powered
vehicles.

As a result, there 1s a need to find additional ways of
storing very large amounts of energy that can be accessed
quickly enough to generate electricity on demand. However,
provision of sufliciently large battery installations and
pumped-storage schemes would be extremely complex and
expensive and raises significant environmental and planning
concerns. Also, battery installations are prone to degrade
with repeated charge/discharge cycles over a period of time.

Subsea power generation has not yet been adopted widely.
For example, US 2014/028028 teaches an offshore power
plant for generating electricity by using a venturi-like struc-
ture to extract kinetic energy from ocean currents. The
elliciency of such a system 1s questionable and there 1s no
means for storing energy. Also, on 1ts own admission, the
system depends upon the availability of oflshore sites with
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fast-moving and reliable currents. Reliance 1s also placed
upon massive subsea structures that would be complex and
expensive and that would make implementation i deep
water impractical.

Subsea energy-storage solutions have also been proposed
to counter at least some of the problems of land-based
energy-storage installations. For example, WO 2009/123465
teaches a pumped-storage power plant that 1s designed for
use 1n marine environments. In accordance with principles
that are well known onshore, the power plant uses a pump/
turbine system and a pressure differential between reservoirs
containing water at different levels to store and generate
hydroelectric energy.

WO 2009/123465 suggests that the sea itself may serve as
an upper-level reservoir and that the lower-level reservoir
may be a tank on the seabed from which water 1s emptied
into the surrounding sea to store potential energy 1n the sea.

Like 1ts onshore pumped-storage counterparts, the power
plant of WO 2009/1234635 relies upon the fall of water to
drive the turbine. Thus, a tubular shaft extends from the
bottom of the lower-level reservoir to near the surface. Also,
air from the surface 1s drawn into the lower-level reservoir
as water 1s pumped out, preferably above the surface.
However, the structures required to enable those surface-to-
seabed tlows of water and air are impractical to implement
in deep water. Also, 1t 1s desirable to minimise or to avoid
permanent surface installations, particularly far oflshore or
in deep water.

Similarly, U.S. Pat. No. 4,321,475 discloses an underwa-
ter energy storage tank. During ofl-peak periods of low
clectricity demand or when a connected wind turbine 1is
active, water 1s pumped out of the tank and replaced by air
drawn in from above the surface. To release the stored
energy 1n times of high energy demand, surrounding water
1s admitted back into the tank under differential hydrostatic
pressure. Air from 1inside the tank 1s displaced back to the
surface as the imncoming flow of water drives a turbine and
generator.

The arrangement disclosed in U.S. Pat. No. 4,321,475 1s
suitable only for use at a shallow depth, at or just under the
surface, because a large air-filled tank would otherwise
collapse under hydrostatic pressure. Again, 1t would be
undesirable or impractical to implement such an arrange-
ment far offshore or 1n deep water. Also, the limited hydro-
static pressure at shallow depth limaits the efliciency of power
generation.

In contrast, EP 2683933 describes an energy storage
solution for use i deep water, 1n which no provision 1s made
to draw 1n air from the surface. Here, a storage tank 1s
located on the seabed and can again be emptied of water by
a pump. As 1n the alorementioned prior art, the resulting
pressure differential between the seawater and the inner
cavity of the tank stores potential energy 1n the surrounding
sea. When electricity generation 1s required, water 1s admit-
ted back into the tank under hydrostatic pressure. A turbine
in the incoming water flow drives a generator to produce
clectrical current, which 1s transmitted via a power supply
network.

The detailled embodiments of EP 2683933 demonstrate
that the key technical challenge has little to do with 1its
simple principle of operation. Instead, the challenge lies 1n
how to build and install a sufliciently large subsea storage
tank that will cope with the problems of hydrostatic pressure
and buoyancy management during construction, installation
and use. Thus, EP 2683933 proposes that the storage tank
should be spherical or toroidal and should comprise addi-
tional features for ballasting and deballasting on 1nstallation
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and retrieval. Likewise, DE 102012011492 teaches that a
subsea energy storage tank, in this case for holding com-
pressed air, has to be ballasted or anchored to a foundation
because of vanations of buoyancy in use.

EP 2683933 tacitly admlts that 1ts proposed pressure-
resistant tank designs sufler from a major problem, which 1s
that their mternal volume 1s limited by the constraints of
construction techniques, hydrostatic pressure and buoyancy
management. Thus, to provide a workable aggregate volume
for energy storage, several such storage tanks have to be
placed close together on the seabed and interconnected
clectrically and/or coupled fluidly. Similarly, WO 2013/
117329 discloses another combination of short cylindrical
subsea storage tanks, which may be manifolded together to
use a common turbine and pump.

Using multiple separately-installed storage tanks like
those disclosed 1 EP 2683933 and WO 2013/117329 greatly
increases the cost and complexity of installation and tends to
reduce reliability. In this respect, it will be evident that the
necessary electrical connections and fluid couplings have to
be eflected deep underwater after the storage tanks have
been lowered individually to the seabed.

The use of bigger storage tanks 1s not practical, unless in
shallow water, because of the risk of collapse or crushing
under hydrostatic pressure. Yet, greater hydrostatic pressure
and hence deeper water 1s desirable to achieve greater
elliciency. Consequently, a trade-oil 1s required for the tank
to avoid collapse 1n deep water: the tank has to be smaller
and/or have thicker walls and so may not have the volume
to admit a suflicient flow rate of water for long enough to
cnable useful electricity generation.

Other forms ol energy storage are described in DE
10/2014/14115860 and a paper by Lim et. al published for

the ‘2012 Oceans’ conierence held in October 2012 and
entitled “Conceptual design of ocean compressed air energy
storage system”. The former describes a gas pressure energy
storage network, in the form of a pipeline, located on the
seabed and connected to a main power-generating plant at
the surface. The latter discusses the storage of compressed
air 1n storage structures underwater; to generate electricity,
the compressed air 1s recovered for combustion with natural
gas and exhausted through a turbine. WO 2009/111861
describes a submerged energy generation and storage system
utilising submerged modular storage reservoirs mounted on
the bottom of the body of water.

The 1mvention arises from the continuing need to provide
a subsea energy storage system that can be constructed
casily and installed easily on the seabed and that can
withstand the hydrostatic pressure of deep water. Yet, the
system should have an internal volume that 1s large enough
to avoid the need for multiple 1nstallation operations.

Against this background, the invention resides 1n a subsea
energy storage installation, comprising: a rigid tank sub-
merged 1n the sea; and a pumped-storage system having
pumping and hydropower generation components for, selec-
tively, converting electricity into potential energy by expel-
ling water {from within the tank into the surrounding sea and
for generating electricity from an incoming flow of water
re-entering the tank under hydrostatic pressure; wherein the
tank comprises at least one elongate rigid pipeline, which 1s
preferably at least 500 m long, lowered to a seabed location
as part ol a towable unit or laid at a seabed location as a pipe
string.

Conveniently, the towable unit or the pipe string may
incorporate the components of the pumped-storage system.
For example, those components could be located at one or
both of opposed ends of the pipeline, such as 1n at least one
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towhead of a towable unit that includes the pipeline or 1n at
least one terminal module of a pipe string that forms the
pipeline.

It 1s also possible for the components of the pumped-
storage system to be located at one or more itermediate
locations between opposed ends of the pipeline. For
example, those components may be located in at least one
in-line module of a pipe string that forms the pipeline or may
be offset from, and connected by a spool or jumper pipe to,
such an 1n-line module.

Preferably, the components of the pumped-storage system
are located together at substantially the same location with
respect to the length of the pipeline. However, 1t 1s possible
instead for those components to be distributed at difierent
locations with respect to the length of the pipeline.

The components of the pumped-storage system may com-
prise: at least one pump for expelling water from the
pipeline; and at least one machine-driven generator for
generating electricity from the mncoming flow of water. The
machine 1s preferably a turbine.

The pump and the machine suitably communicate with
the pipeline through a common manifold and/or a common
bulkhead, which may also serve as a manifold. However, 1t
1s also possible for the pump and the machine to commu-
nicate with the pipeline at different longitudinal locations,
for example through respective bulkheads.

The components of the pumped-storage system may com-
prise at least one reversible machine, such as a reversible
turbine, coupled to a generator/motor, the machine being
driven by the generator/motor to expel water from the tank
and, conversely, driving the generator/motor to generate
clectricity from the mcoming flow of water.

A towable unit used in the invention preferably comprises
a bundle of parallel pipes. The pipes of the bundle may be
joined to form a common volume, for example by being
joined at their ends by a manifold, which may be defined by
a bulkhead that 1s common to the pipes of the bundle. It 1s
also possible for the pipes of the bundle to be closed by at
least one common bulkhead. Indeed, the pipes of the bundle
could be separate from each other and have respective
pumped-storage systems.

The pipes of a bundle could be contained within a carrier
pipe, which may be flooded or may define a sealed chamber
that 1s resistant to hydrostatic pressure. It 1s also possible for
the pipes of the bundle to surround a core pipe. In that case,
the core pipe and the pipes of the bundle could be joined to
form a common volume.

Preferably the pipeline i1s anchored to the seabed, for
example at intervals along 1ts length. It 1s also possible to
stabilise the pipeline with a weight coating.

The 1nstallation may support at least one tidal turbine to
generate supplemental electricity.

Preferably the pumped-storage system has an inlet for
receiving the incoming flow of water and an outlet for
expelled water that are both at substantially the same depth
in the sea as the tank.

The inventive concept may also be expressed as a method
of installing a subsea energy storage installation. In one
expression, that method comprises: towing to an offshore
installation site a unit that comprises at least one elongate
rigid pipeline to serve as a subsea tank and at least one
support structure for pumping and hydropower generation
components of a pumped-storage system; and lowering the
unit to a seabed location at the installation site.

The unit may be lowered with the pumping and hydro-
power generation components mounted on the support struc-
ture. The support structure may be used as a towhead at an
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end of the pipeline when towing the unit. Before towing, the
unit may be fabricated and tested at an inshore or onshore
location. Fabrication may involve assembling a bundle of
clongate rigid pipelines.

In another expression, the method of the invention com-
prises: at an oflshore installation site, launching a pipe string
overboarded from an 1installation vessel at the surface to a
seabed location to serve as a subsea tank; and incorporating
one or more modules 1nto the pipe string at the surface, the
or each module being a support structure for at least one
pumping or hydropower generation component of a
pumped-storage system. The or each module may be
launched with pumping or hydropower generation compo-
nents mounted thereon.

At least one module may be incorporated at an end of the
pipe string or at an intermediate position between opposed
ends of the pipe string.

A subsea power cable may be connected to at least one
pumping or hydropower generation component, for example
when the or each component 1s at the seabed location.

In summary, the mvention provides a hydro-power plant
that 1s placed on the seabed and used for storage of energy
by subjecting an evacuated volume to external hydrostatic
pressure. Thus, energy 1s stored hydraulically. For this
purpose, the power plant uses a subsea tank that has a
slender and long shape comprising either a single length of
large-diameter pipe or multiple pipes joined together as a
bundle. The or each pipe may be of steel or plastics,
including composite layered structures and composite mate-
rials of reinforced plastics.

The tank 1s charged by emptying 1t of water using one or
more pumps that may be powered mechanically, for example
hydraulicallyj or electrically. To generate electricity, the tank
1s tlooded with water entermg under hydrostatic pressure,
the 1ncoming water passing through one or more turbines
that drive generators.

Thus, when the tank 1s full of water, the storage system 1s
discharged and when the tank 1s empty the system 1is
charged. The hydrostatic pressure at the seabed corresponds
to the static head above water, where water depth equates to
clevation.

The tank may contain, and trap, one or more pockets of
gas such as air or water vapour that expand under reduced
pressure as water 1s pumped out and that collapse under
hydrostatic pressure as water 1s readmaitted.

Water depth, seabed topography and soil conditions will
govern the size, shape and maternial of the tank. Output and
input specifications will govern the charging and discharg-
ing solution. The fabrication site and installation method
will also influence the final design. The buoyancy of the tank
when charged (1.e. empty) and 1ts weight when discharged
(1.e. Tull) will be used together with these other factors to
determine the optimal dimensions.

One concept of the mvention i1s to use existing bundle
fabrication sites at which to bundle together multiple pipes.
A few or several pipe structures may be combined as a
bundle, with or without an external carrier pipe. Pipe struc-
tures may, for example, be bundled with or within a hydro-
statically-strong pipe with large volume. The tank may be
protected and reinforced with a concrete weight coating or
other material to increase 1ts resistance to the hydrostatic
pressure and/or to adjust its buoyancy. Anchors, piles or
suction skirts can be used to secure the tank to the seabed.

Embodiments of the invention provide a subsea energy
storage system comprising at least one elongate pipeline
structure, which may for example be more than 500 m long.
The storage system 1s electrically connected to a power grid
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and comprises at least one pump for evacuating fluid con-
tained within the elongate pipeline structure to the surround-
ing sea. The storage system further comprises at least one
turbine for producing electric power while admitting sea-
water into the elongate pipeline structure.

The turbine and pump may be located at respective
longitudinally-spaced positions along the elongate pipe
structure, for example at opposite ends of the pipe structure.
However, it 1s preferred that the turbine and pump are
located at the same longitudinal position, for example at the
same end of the pipe structure, as this reduces the length of
cabling required.

The turbine and pump may be combined in a reversible
pump/turbine unit. For example, the pump/turbine unit may
comprise a Francis turbine.

The system of the invention 1s preferably anchored to the
seabed, for example by stapling or pinning the elongate pipe
structure to the seabed or by attachung the pipe structure to
a foundation that may comprise one or more piles.

The elongate pipe structure may be assembled wholly or
partially oflshore or Wholly or partially onshore. For
example, a single pipe section 1s apt to be fabricated ofishore
during laying or a bundled plpe structure 1s apt to be
assembled onshore and towed offshore before being lowered
to the seabed.

The system of the mvention may comprise at least one
head structure at an end of the elongate pipe structure. For
example, at least one end of a bundle of pipe structures may
be connected to a head structure.

A head structure may comprise the at least one turbine
and/or the at least one pump. The head structure may further
comprise electrical cable connections and 1s preferably
designed as a towhead for towing the subsea energy storage
system.

The system of the invention may further comprise or
support at least one tidal turbine to be driven by subsea
currents.

The subsea energy storage system of the invention suit-
ably comprises a control system that 1s configured to switch
between production, storage or stand-by modes. Such
switching may be performed automatically in response to
orid parameters, such as supply frequency.

Embodiments of the invention also provide a method to
manufacture and install a subsea energy storage system
comprising at least one elongate pipe structure. The method
comprises: assembling onshore the elongate pipe structure
and at least one pump and at least one water turbine; towing
the storage system to site; sinking the storage system onto
the seabed; and anchoring the storage system into the
seabed. At least one electrical power cable 1s connected to
the storage system before or after landing the system on the
seabed.

The mvention 1s primarily concerned with rigid pipelines
or bundles of such pipelines, whether the pipes are or steel
or are of polymers or composites that have elastic flexibility
akin to steel pipes. In this respect, those skilled 1n the art
understand that nominally ‘rigid’ pipes have enough flex-
ibility to be bent 11 a minimum bend radius 1s observed. Yet,
such pipes are not regarded 1n the art as being ‘flexible’.

Flexible pipes used 1n the subsea o1l and gas industry are

specified 1n API (American Petroleum Institute) Specifica-
tion 17J] and API Recommended Practice 17B. The pipe
body 1s composed of a composite structure of layered
materials, typically comprising polymer tubes and wraps to
ensure tluid-tightness and steel layers or other elements,
such as interlocked steel tapes or wires, to provide mechani-
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cal strength. Flexible pipes are typically manufactured con-
tinuously to the desired length between steel end fittings.

A nigid pipe usually consists of or comprises at least one
pipe of solid steel or steel alloy. However, additional ele-
ments can be added to form a composite structure, such as
an internal lmer layer or an outer coating layer. Such
additional elements can comprise polymer, metal or com-
posite materials. Rigid pipe joints are typically terminated
by a bevel or a thread, and are assembled end-to-end by
welding or screwing them together.

Polymer or composite pipes are rigid pipes whose struc-
tural strength, 1n terms of resistance to bending along their
length, 1s derived wholly, substantially or predominantly
from one or more polymer or composite materials, as
distinct from composite structures. Typically, composite
pipes comprise layers of angled polymer wraps. WO 2011/
117607 discloses an example of a polymer composite pipe
based on PEEK (polyetheretherketone). Again, steel end
fittings are typically used.

In order that the mvention may be more readily under-
stood, reference will now be made, by way of example, to
the accompanying drawings 1n which:

FIG. 1 1s a schematic side view of a subsea power plant
in a first embodiment of the mvention comprising a pipeline
bundle between two towheads, shown here being towed to
a subsea installation site using the controlled depth towing
method known 1n the prior art;

FIG. 2 1s a schematic side view of the power plant of FIG.
1 now laid on the seabed and connected to a power grid;

FI1G. 3 1s a schematic side view of another embodiment of
the mnvention, here showing a J-lay vessel in the process of
installing a subsea power plant by laying a pipeline com-
prising integrated power-generating and pumping accesso-
ries;

FIG. 4 1s a schematic side view of a turbine and pump
arrangement integrated into a towhead of the embodiment
shown 1n FIGS. 1 and 2;

FIG. 5 1s a schematic side view of an alternative turbine
and pump arrangement integrated mnto a towhead of the
embodiment shown in FIGS. 1 and 2;

FIG. 6 1s a schematic side view of a turbine and pump
arrangement integrated into a pipeline accessory of the
embodiment shown in FIG. 3;

FIG. 7 1s a schematic side view of an alternative turbine
and pump arrangement integrated mto a pipeline accessory
of the embodiment shown 1n FIG. 3;

FIG. 8 1s a schematic side view of a subsea power plant
of the invention comprising a pipeline bundle like that
shown 1 FIGS. 1 and 2 and having turbine and pump
arrangements integrated into both towheads;

FIG. 9 1s a schematic plan view of a subsea power plant
of the vention comprising a pipeline bundle like that
shown 1n FIGS. 1 and 2 and having alternative turbine and
pump arrangements integrated into both towheads;

FIG. 10 1s a schematic top plan view of an in-line pipeline
accessory of the embodiment shown 1n FIG. 3, the accessory
including an integrated turbine and pump arrangement;

FIG. 11 1s a schematic top plan view of a varnant of the
configuration shown 1 FIG. 10, in which the turbine and
pump arrangement 1s connected to the pipeline accessory by
a spool or jumper pipe;

FI1G. 12 1s a schematic cross-sectional view of an example
pipe construction that may be used i embodiments of the
invention; and

FIG. 13 1s a selection of schematic cross-sectional views
of various example pipe bundle structures that may be used
in embodiments of the mvention.
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Reterring firstly to FIGS. 1 and 2, these drawings show a
subsea power plant of the invention embodied as a towable
bundle unit 10. The unit 10 comprises a pipeline bundle 12
connecting a leading towhead 14 and a trailing towhead 16.
The bundle 12 comprises two or more substantially parallel
pipes that extend substantially the full length of the bundle
12 between the towheads 14, 16.

Pipes of the bundle 12 serve as one or more energy storage
tanks that can be of any reasonable length, and therefore of
any internal capacity that may reasonably be required. Such
a unit 10 has proven resistance to hydrostatic pressure and
can be fabricated and installed 1n a single operation using
well-known and reliable methods.

As 1s well known 1n the art and as will be shown 1n later
drawings, pipes of the bundle 12 may be surrounded by an
external carrier pipe. A carrier pipe and/or the pipes within
any carrier pipe may be configured to resist the hydrostatic
pressure at the operational depth. Alternatively, exposed
pressure-resistant pipes of the bundle 12 may be clustered
around a central core pipe or spine. A central core pipe may
itsell be pressure-resistant to add energy-storage capacity to
the bundle 12 or 1t may remain flooded to act solely as a
structural element.

The various pipes of the bundle 12 are typically of steel
but any of them could be largely of polymers or of com-
posite materials. Additional layers or components can be
added to the pipes, such as an internal liner or an outer
coating. Such additional layers or components may com-
prise polymer, metal or composite materials. Also, pipes can
be single-walled or of double-walled pipe-in-pipe (P1P)
construction.

Other elongate eclements such as auxiliary pipes and
cables may be included in the bundle 12, extending 1in
parallel with the other pipes of the bundle 12 1n well-known
fashion to carry fluids, power and data signals between the
towheads 14, 16. As 1s conventional, longitudinally-distrib-
uted transverse spacers may hold the various pipes and other
clongate elements of the bundle 12 relative to each other.

A typical pipeline bundle 12 1s a few kilometres 1n length,
for example about 2 km long. Its maximum length may be
constramned by the availability of land at onshore fabrication
facilities such as spoolbases or yards, However, a pipeline
bundle 12 can be made longer by fabricating 1t from multiple
bundle sections attached end-to-end. In principle, therefore,
a bundle 12 assembled from two or more such bundle
sections could be of any reasonable length.

Thus, the unmit 10 1s shown in FIGS. 1 and 2 both
interrupted and greatly shortened. Also, the depth of the
water between the surface 18 and the seabed 20 will usually
be much greater than these schematic views would suggest.
References 1n this specification to the sea are intended to
encompass use of the invention 1n other suitably deep bodies
of water, in particular lakes.

Either or both of the towheads 14, 16 contain turbine and
pump arrangements, examples of which will be described
with reference to later drawings. In this way, after the unit
10 has been 1nstalled, water can be pumped from within the
pipes of the bundle 12 into the surrounding sea, to be
readmitted through the or each turbine under hydrostatic
pressure to drive a generator that produces electricity on
demand.

Integrating the bundle 12 and the towheads 14, 16 to form
the towable unit 10 allows the unmit 10 to be prefabricated,
assembled and tested onshore or 1n sheltered water before 1t
1s towed oflshore for installation. Conveniently, therefore,
multiple elongate elements can be towed together to an
installation site as a single integral unit and installed on the
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seabed simultaneously 1n one operation. Reducing the num-
ber of subsea-connected interfaces simplifies the installation
process and improves the reliability of the system, as com-
pared with connecting units at a subsea location and per-
forming tests there instead.

The towheads 14, 16 incorporate buoyancy, or provide for
buoyancy to be attached, to oflset their weight during
towing. For example, buoyancy may be added directly to the
towheads 14, 16 by attaching buoys or buoyancy modules to
them.

The bundle 12 may also contribute buoyancy to the umit
10 by virtue of air or other gas contained within a sealed
carrier pipe. However, as noted above, an external carrier
pipe 1s optional; pipes of the bundle 12 may instead be
clustered around a central core pipe or spine. Additional
external buoyancy may also be provided on, or attached to,
a carrier pipe, a core pipe or other pipes of the bundle 12.

Various towing methods may be used to transport the unit
10 to an offshore 1nstallation site. In particular, the unit 10
may be towed at various depths in the water. The choice of
towing depth involves a trade-ofl between various factors.
For example, the unit 10 may be surface-towed at or near to
the surface 18, which 1s easiest to manage. However, surface
water dynamics may generate fatigue 1n the pipeline bundle
12, which 1s the limiting factor that determines the allowable
tow distance. Conversely, towing near the seabed 20 protects
the bundle 12 from the influence of surface water dynamics
and limits risks during subsequent lowering to the seabed 20
at the installation site. However, controlling the unit 10 1s
more challenging at depth and 1s only feasible 1f the contours
of the seabed 20 permiut.

FIG. 1 shows the preferred option of a mid-water towing
method 1n which the umt 10 1s towed at an intermediate
depth in the water column between the surface 18 and the
seabed 20. Here, the unit 10 1s safely clear of the contours
of the seabed 20 and 1s beneath significant influence from
wave action near the surface 18. Specifically, FIG. 1 shows
a favoured mid-water towing method known 1n the art as the
‘controlled-depth towing method” or CD'TM, as described in
U.S. Pat. No. 4,363,566.

Mid-water towing 1s a good compromise that ensures
low-stress 1nstallation without the use of large crane vessels
that depend on low sea states. This makes installation less
weather-sensitive and reduces the cost of installation vessels
significantly. However, mid-water towing requires precise
management of buoyancy.

In all towing methods, the unit 10 1s held 1n tension by
chains or lines 22 extending fore and ait from the respective
towheads 14, 16 to respective 1nstallation vessels such as
tugs 24. The bundle 12 acts 1n tension between the towheads
14, 16 during towing, with tensile loads being borne prin-
cipally by a carrier pipe or core pipe of the bundle 12.

The speeds of, and spacing between, the tugs 24 are
adjusted to keep the unit 10 at the required depth having
regard to the effect of drag forces and tension in the chains
22. Optionally, a third patrol/survey vessel 26 ahead of the
leading tug 24 surveys the route and monitors the towing
operation.

In the CD'TM, the bundle 12 1s made neutrally or slightly
negatively buoyant at the required depth by the addition of
buoyancy and/or ballast chains spaced along its length. In
the example shown, ballast chains 28 spaced along the
bundle 12 add weight that offsets the buoyancy of the bundle
12. As a result of the added ballast weight, the bundle 12
hangs between the towheads 14, 16 as a catenary.

When the unit 10 reaches an installation site, the unit 10
1s lowered toward the seabed 20 while the lines 22 are paid
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out from the tugs 24. The unit 10 can be lowered to the
seabed 20 by removing external buoyancy from the unit 10
or by adding ballast to the unit 10. The unit 10 then settles
on the seabed 20 as shown in FIG. 2, with the bundle 12
resting on and supported by the seabed 20 between the
towheads 14, 16.

FIG. 2 shows the towheads 14, 16 landed on and sup-
ported by pre-installed foundations 30. The foundations 30
may, for example, be embedded structures such as suction
piles or pin piles. Alternatively, all or part of the foundations
30 could be integrated with the towheads 14, 16 or be
installed after the towheads 14, 16 have been landed on the
seabed 20.

FIG. 2 also shows, in dashed lines, features that are apt to
be 1nstalled atfter the unit 10 has been installed. Specifically,
anchors 32 such as staples or pins are spaced along the
bundle 12 to fix the bundle 12 to the seabed 20. Also, a
power cable 34 connects the umt 10 to an electrical power
orid 36 via a control system 38, both of which may be
situated wholly or partially above the surface 18 or on land.
Finally, a tidal turbine 40 for generating supplemental elec-
tricity from subsea currents uses the leading towhead 14 as
a convenient foundation or support. The tidal turbine 40 1s
of course apt to be supported by eirther or both of the
towheads 14, 16. In principle, it may instead be possible to
connect a power cable 34 and/or a tidal turbine 40 to the unit
10 before towing or installing the unit 10.

Turning next to FIG. 3 of the drawings, in which like
numerals are used for like features, this illustrates another
embodiment of the invention. This schematic drawing 1s not
to scale; for example, again, the water depth will be very
much greater than 1s represented schematically here.

FIG. 3 shows an alternative subsea power plant that
exemplifies how a subsea energy storage tank could instead
be defined by a pipeline 42 launched from an installation
vessel 44 on the surface 18. During installation, the pipeline
42 hangs as a catenary from the installation vessel 44 toward
the seabed 20. In principle, depending upon 1ts materials and
dimensions and the depth of water, the pipeline 42 could be
installed by any method for installing subsea pipelines as
known 1n the art, such as reel-lay, S-lay or J-lay. A J-lay
operation 1s shown here by way of example.

Conveniently, as shown 1 FIG. 3, the pipeline 42 may
include modules 46, any or all of which may comprise
integral pumping and turbine facilities like those of the
towheads 14, 16 in the first embodiment. Such modules 46
may be disposed at an end of a pipeline 42 or may be
inserted within the length of a pipeline 42. The modules 46
are therefore analogous to well-known pipeline accessories
such as in-line tee assemblies (ILTs or ITAs), pipeline end
manifolds (PLEMSs) and pipeline end terminations (PLETs).
Thus, using well-known techniques, the modules 46 may be
incorporated into the pipeline 42 as it 1s launched into the
sea.

The modules 46 are exemplified here by a terminal or end
module 46A welded to an end of the pipeline 42 and an
optional in-line module 46B welded between neighbouring
sections of the pipeline 42 disposed end-to-end. Another
terminal or end module 46 A will be welded 1n due course to
the other end of the pipeline 42, to close and seal that end
of the pipeline 42 on completion.

Any or all of the modules 46 comprises fluid-handling
equipment such as valves, pumps and/or turbines 1n fluid
communication with the pipeline 42 and/or ancillary equip-
ment such as generators and motors. That equipment 1s
supported mechanically by a structural frame. As 1s conven-
tional, the modules 46 could have mudmat foundations 48 as
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shown but other foundations such as the aforementioned
piles of the first embodiment could be used instead.

The pipeline 42 may be of single-walled construction or
could instead be of twin-walled pipe-in-pipe (P1P) construc-
tion. Again, the pipeline 42 may be of steel, polymer or
composite material and may comprise additional layers or
components such as an internal liner or an outer coating. For
example, some 1nstallation techniques such as S-lay will
allow the pipeline 42 to have an outer weight coating of
concrete to stabilise 1t on the seabed 20.

In reel-lay operations, a pipeline 42 1s mitially spooled
onto and stored on a reel on an installation vessel 44, which
visits a coastal spoolbase at which the pipeline 1s fabricated.
During 1installation offshore, the pipeline 42 1s unspooled
from the reel and then overboarded 1nto the sea to hang from
the vessel as a catenary. However, for the purposes of the
invention, S-lay and J-lay methods may be preferred for
installing a pipeline 42 of suitably large diameter.

In S-lay operations, the pipeline 42 i1s assembled from
pipe joints along a horizontal firing line on an installation
vessel 44 offshore. As 1t 1s assembled, the pipeline 42 1s
launched 1nto the sea over a laying ramp or stinger to hang
from the vessel 44 as a catenary. The pipeline 42 assumes an
S-shape comprising an overbend over the stinger and an
opposed sagbend approaching the seabed 20.

Conversely, mn J-lay operations as shown in FIG. 3, the
pipeline 42 1s assembled from pipe joints 1n an upright J-lay
tower S0 on an 1installation vessel 44 offshore. The pipeline
42 hangs near-vertically to a sagbend approaching the sea-
bed 20, thus assuming a J-shape.

Pipe joints are lifted 1nto the tower 30 to be welded to the
top of a suspended pipe string 52. The tower 50 1s shown
here as being vertical for simplicity but 1n practice 1t could
be pivoted or gimballed to depart from the vertical. Welding,
operations are performed at a welding station 54 near the
base of the tower 50.

A fixed lower bushing 56 beneath the welding station 54
and a travelling upper bushing or clamp 38 on the tower 50
support the pipe string 52 1n alternation. The lower bushing
56 and the travelling clamp 58 cooperate in a “hand-over-
hand’ arrangement to lower the pipe string 52 as successive
pipe joints are added.

After the pipeline 42 has been 1nstalled, a power cable 34
extends from the accessories 46, for example to connect
them to an electrical power grid via a control system as in
the first embodiment. Similarly, each accessory 46 provides
a convenient foundation or support for a respective tidal
turbine 40, which again 1s an optional feature to generate
supplemental electricity from subsea currents. Again,
anchors such as staples or pins could be spaced along the
pipeline 42 to fix the pipeline 42 to the seabed 20, but such
anchors are not shown 1n this drawing.

FIGS. 4 to 11 exemplily various arrangements for the
pumping and power-generation facilities that may be inte-
grated into, or distributed among, the towheads 14, 16 of the
unit 10 shown 1 FIGS. 1 and 2 or the modules 46 of the
pipeline 42 shown 1 FIG. 3. Again, like numerals will be
used for like features. Those skilled 1n the art will appreciate
how some features of any of these embodiments can be
mixed or exchanged with features of others of these embodi-
ments.

FIGS. 4 and 5 show a towhead 14 at an end of a pipeline

bundle 12 1n the unit 10 of FIGS. 1 and 2. Another towhead
16 could be at the other end of the bundle 12 but 1t has been
omitted for clarity. All or some of the pumping and gener-
ating equipment shown here 1n the towhead 14 could instead
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be located 1n the other towhead 16, or could be duplicated
or mirrored between the towheads 14, 16.

In each case, the bundle 12 comprises a group of pipes 60
extending in parallel between bulkheads 62 that close and
seal respective ends of each pipe 60. The pipes 60 are held
together by transverse spacers 64 spaced along the length of
the bundle 12. Collectively, the pipes 60 define an energy
storage volume from which water can be pumped out to
charge the unit 10 and that can be flooded to generate
clectricity from the irushing flow of water.

The bulkheads 62 are shared between the pipes 60 1n this
example but there could 1nstead be individual bulkheads for
cach pipe 60. Here, at least one of the common or shared
bulkheads 62 comprises a manifold chamber 66 that con-
nects the pipes 60 to each other to form a common energy
storage volume.

The bundles 12 1n FIGS. 4 and 5 differ from each other to
show two possible configurations. Specifically, the pipes 60
of the bundle 12 in FIG. 4 are contained within an external
carrier pipe 68 whereas 1n FIG. §, the pipes 60 of the bundle
12 surround a central core pipe 70 and there 1s no carrier
pipe. In this example, the central core pipe 70 serves a solely
structural purpose but 1t would of course be possible for the
central core pipe 70 to perform a similar energy-storage
function to the surrounding pipes 60 that are supported by 1t.

FIGS. 4 and § also show diflerent layouts for the pumping,
and generating equipment. In each case, the generating
equipment comprises a turbine 72, exemplified here as a
Francis turbine. An inlet 74 of the turbine 72 opens to the
surrounding sea to admit water under hydrostatic pressure.
An outlet 76 of the turbine 72 communicates with the energy
storage volume defined by the pipes 60, to direct an outflow
of water through the associated bulkhead 62 and into the
pipes 60 via the manifold chamber 66 within the bulkhead
62.

The turbine 72 drives a generator 78 that 1s connected to
a power cable 34 for onward transmission of electrical
power when the turbine 72 spins 1n a tflow of inrushing water.
The turbine 72 and the generator 78 are coaxial and may, as
shown, turn together about an axis that i1s substantially
parallel to the longitudinal direction of the bundle 12.

A valve 80, exemplified here as a ball valve, 1s shown here
downstream of the turbine 72 between the bulkhead 62 and
the turbine 72 so as to close the outlet 76. The valve 80 could
instead be upstream of the turbine 72 so as to close the nlet
74. When the valve 80 1s closed, the unit 10 1s 1n a stand-by
mode ready to be charged with energy by emptying the pipes
60 against hydrostatic pressure or to be discharged by
flooding the pipes 60 under hydrostatic pressure. However,
the valve 80 1s shown here as being open to allow water to
flow through the turbine 72 when the unit 10 1s being
charged or discharged.

In FIG. 4, the turbine 72 1s reversible to serve as a pump
when driven by the generator 78 that then serves as a motor.
In pumping mode, with the valve 80 open, the inlet 74 and
the outlet 76 of the turbine 72 are reversed 1n function as the
turbine 72 then draws water from within the pipes 60 and
expels that water into the surrounding sea.

In FIG. 5, on the other hand, pumping duties to empty the
pipes 60 are shared with, or transierred to, a dedicated pump
82 that also communicates with the manifold chamber 66 1n
the bulkhead 62. The pump 82 may be driven electrically or
hydraulically through a power line 84. If the pump 82 1s
driven hydraulically, the necessary hydraulic pressure 1is
suitably generated by a separate electric pump (not shown)
so as to convert excess electrical power from the grid nto
energy stored by the unit 10.
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A pump valve 86, also exemplified here as a ball valve, 1s
shown here upstream of the pump 82 between the bulkhead
62 and the pump 82 to close an inlet 88 of the pump 82
adjacent to the bulkhead 62. The pump valve 86 could
instead be downstream of the pump 82 so as to close an
outlet 90 of the pump 82 remote from the bulkhead 62.

FIG. 5 shows the system 1n a discharge mode 1n which the
valve 80 associated with the turbine 72 1s open and the pump
valve 86 1s closed. The states of those valves 80, 86 will be
reversed or toggled when the pump 82 i1s active and the
system 1s therefore 1n a charging mode, 1n which case the
pump valve 86 1s open while the valve 80 associated with the
turbine 72 1s closed. Both valves 80, 86 are closed when the
system 1s 1n a stand-by mode ready to be charged or
discharged in accordance with the needs of a grid to which
the unit 10 1s connected.

FIGS. 6 and 7 show corresponding pumping and power-
generation arrangements 1n an end module 46 A at an end of
a pipeline 42 of FIG. 3. Again, like numerals are used for
like features. For example, the module 46A 1s apt to be
supported by a mudmat 48 that serves as a foundation.

Another module 46 could be at the other end of the
pipeline 42 shown 1 FIGS. 6 and 7 but it has been omitted
for clarity. All or some of the pumping and generating
equipment shown here 1 the module 46 A could instead be
located in another module 46, or could be duplicated or
mirrored between the modules 46.

In these examples, the pipe string 52 of the pipeline 42
defines an energy storage volume from which water can be
pumped out when charging with energy and flooded to
generate electricity from the inrushing flow of water. The
pipe string 52 may be of single-walled construction or of
twin-walled pipe-in-pipe (P1P) construction,

To illustrate some variants, the pipe string 52 1n FIG. 6 1s
closed by a bulkhead 62 at one end and by a valve 80 at the
other end. Also, the pipe string 52 of FIG. 6 1s coated with
a weight coating 92 of concrete. Conversely, the pipe string
52 of FI1G. 7 does not have a weight coating and 1s closed by
bulkheads 62 at both ends.

In FIG. 6, like FIG. 4, the generator 78 1s a motor/
generator and the turbine 72 1s reversible to serve as a pump.
The valve 80, here again exemplified as a ball valve and
shown 1n an open position for charging or discharging, 1s
disposed between the outlet 76 of the turbine 72 and the
adjacent end of the pipe string 52 that 1s closed by the valve
80. As betfore, however, the valve 80 could instead be on the
inlet 74 of the turbine 72.

In FIG. 7, like FIG. 5, pumping duties to empty the pipe
string 32 are shared with, or transferred to, a dedicated
clectrically- or hydraulically-driven pump 82. In parallel to
the turbine 72, the pump 82 commumnicates with a manifold
chamber 66 in the bulkhead 62 that connects the pump 82
and the turbine 72 to an end of the pipe string 352. As
previously, a pump valve 86, also exemplified here as a ball
valve, 1s upstream of the pump 82 between the bulkhead 62
and the pump 82 to close an ilet 88 of the pump 82 adjacent
to the bulkhead 62. However, the pump valve 86 could
instead be downstream of the pump 82 so as to close an
outlet 90 of the pump 82 remote from the bulkhead 62.

Also, like FIG. §, FIG. 7 shows the system 1n a discharge
mode 1 which the valve 80 associated with the turbine 72
1s open and the pump valve 86 1s closed. The states of those
valves 80, 86 will be reversed when 1n a charging mode, and
both valves 80, 86 will be closed 1n a stand-by mode.

Turning next to FIGS. 8 and 9, these drawings show a umit
10 of FIGS. 1 and 2 comprising a pipeline bundle 12
connecting towheads 14, 16. Like FIG. 5, the bundle 12
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comprises pipes 60 surrounding a core pipe 70, which pipes
60 are closed at their ends by shared bulkheads 62.

In these examples, the towheads 14, 16 both contain
pumping and generating equipment in a mirrored arrange-
ment. As noted above, such an arrangement could be applied
to pipes 60 connected by manifold chambers 66 like those in
FIGS. 4 and 5. However, 1n this example, a respective set of
pumping and generating equipment 1s dedicated to each pipe
60 of the bundle 12 as self-contained umnat.

In FIG. 8, like FIG. 4, the generators 78 1n each towhead
14, 16 are motor/generators and the turbines 72 1n each
towhead 14, 16 are reversible to serve as pumps. Here,
though, each turbine 72 communicates with a respective one
of the pipes 60 of the bundle 12 to empty or to fill that pipe
60.

In FIG. 9, like FIG. 35, each towhead 14, 16 comprises a
dedicated electrically- or hydraulically-driven pump 82.
Here, each pump 82 communicates with a respective one of
the pipes 60 of the bundle 12 and acts against hydrostatic
pressure to empty that pipe 60 on charging the system. The
other end of that pipe 60 communicates with a turbine 72 1n
the opposite towhead 14, 16 through which water 1s admutted
under hydrostatic pressure to fill that pipe 60 on discharging
the system.

It 1s preferred, but not essential, that pumping and/or
generating equipment 1s located 1n a structure such as a
towhead 14, 16 or an accessory module 46 at an end of a
pipeline 42 or bundle 12. In principle, however, a pipeline 42
or bundle 12 used 1n a power plant of the invention could
have its ends closed by passive structures such as bulkheads
62. In that case, pumping and/or generating equipment may
be located at, or connected to, an in-line or intermediate
location part-way along the length of the pipeline 42 or
bundle 12.

To 1llustrate this possibility, FIGS. 10 and 11 of the
drawings exemplily options for positioning pumping and/or
generating equipment 1 an mntermediate location between
the ends of a pipeline 42.

In each case, an 1n-line module 1n the form of a tee 94 1s
incorporated between successive lengths of the pipe string
52. The tee 94 has a side port 96 that communicates between
the outlet 76 of a turbine 72 and the interior of the pipeline
42.

As 1n preceding embodiments, a valve 80 1s positioned
downstream of the turbine 72 but 1t could instead be posi-

tioned upstream of the turbine to close an inlet 74 of the
turbine 72.

FIG. 10 shows the turbine 72 and the tee 94 joined by the
valve 80 to form a single structural unit that 1s apt to be
supported on a common foundation 98 such as a mudmat. In
contrast, FIG. 11 shows the turbine 72 and the tee 94 as
separate structural units that are apt to have their own
separate foundations 98. In this case, the turbine 72 and 1ts
ancillary equipment 1s offset laterally from the tee 94 by a
spool or jumper pipe 100. Such a pipe 100 could also be used
at a terminal or end module 46 A so as to space pumping
and/or generating equipment away from the main body of
the pipeline 42.

As 1 the preceding embodiments, the turbine 72 and the
generator 78 are coaxial but 1 these examples they turn
together about an axis that i1s transverse to, in this case
substantially orthogonal to, the longitudinal direction of the
pipeline 42.

In the examples shown 1n FIGS. 10 and 11, the turbine 72
1s reversible to serve as a pump and the generator 78 is a
motor/generator. However, 1t will be apparent to the skilled
reader how the arrangements shown in FIGS. 10 and 11
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could be adapted to include a dedicated pump 80, like the
arrangements shown i FIGS. 5, 7 and 9. It will also be
apparent to the skilled reader how the arrangements shown
in FIGS. 10 and 11 could be adapted to suit a bundle 12 of
pipes 60 like those shown in FIGS. 4 and 5, rather than a
single pipeline 42.

FI1G. 12 illustrates a twin-walled pipe-in-pipe (P1P) struc-
ture 102 1n which an inner pipe 104 and an outer pipe 106
sandwich between them an annular layer 108 of a reinforce-
ment material such as concrete. The concrete or other
material of the annular layer 108 1s conveniently injected
into the annulus between the inner and outer pipes 104, 106
when 1t 1s liquid and then sets, solidifies or hardens in the
annulus. This significantly increases the resistance of the
structure 102 to collapse due to hydrostatic pressure, for
example by more than 200%. The weight of concrete 1n the
structure 102 also helps to stabilise the structure 102 on the
seabed.

FIG. 13 illustrates various possible configurations of a
pipe bundle 110, each comprising a group of pipes 112
extending in parallel along the bundle 110, surrounded by or
embedded 1n a protective shell or matrix 114 of concrete.
The pipes 112 may each be made of a plastics material, such
as PVC, or a composite material. Smaller pipes, channels or
openings 116 may be provided 1n the interstices between the
pipes 112.

The matrix 114 extends along or encapsulates substan-
tially the entire length of the pipe bundle 110 to afiord
resistance to differential pressure. Thus, as with the con-
crete-reinforced P1P structure 102 of FIG. 12, the matrix 114
increases the resistance of the pipe bundle 110 to collapse
due to hydrostatic pressure, and provides additional weight
to stabilise the pipe bundle 110 when installed on the seabed.

The pipe bundle 110 1s typically limited to around 200 m
in length. However, the combined storage capacity of the
bundled pipes 112 compensates for this limitation. In this
respect, the pipes 112 may be interconnected for fluid
communication between them.

Many other variations are possible without departing from
the mventive concept. For example, one or more pumping,
and power-generation components could be lowered subse-
quently to pre-installed support structures incorporated in
towheads or modules.

The pipeline bundle of the first embodiment could be
replaced by a single pipe, potentially of twin-walled pipe-
in-pipe (P1P) construction, extending between the towheads
to define a subsea energy storage tank.

Whilst turbines are preferred to convert kinetic energy
from 1nrushing water into rotary motion to drive generators,
other machines could be used for that purpose instead.

Examples of such machines may comprise screws or
pistons.

The 1nvention claimed 1s:

1. A subsea energy storage installation, comprising:

at least one elongate rigid pipeline located at a seabed

location to serve as a subsea tank; and

a pumped-storage system having pumping and hydro-

power generation components for, selectively, convert-
ing electricity into potential energy by expelling water
from within the tank 1nto the surrounding sea and for
generating electricity from an mcoming flow of water
re-entering the tank under hydrostatic pressure;
wherein the at least one elongate rigid pipeline forms part
ol a towable umit that 1s configured to be lowered to the
seabed location, wherein the towable unit comprises a
pair of towheads located at opposed ends of the pipe-
line, the pipeline being arranged, before settling at the
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seabed location, to be held 1n tension and to hang as a
catenary between the pair of towheads, and wherein the
components of the pumped-storage system are located
in each of the air of towheads; or

wherein the at least one elongate rigid pipeline comprises

a pipe string configured to be laid at the seabed loca-
tion, wherein the pipe string comprises a pair of ter-
minal modules located at opposed ends of the pipeline,
cach of the terminal modules being welded to a respec-
tive end of the pipeline to close and seal the respective
end of the pipeline, and wherein the components of the
pumped-storage system are located 1n each of the pair
of terminal modules.

2. The 1nstallation of claim 1, wherein the components of
the pumped-storage system are distributed at diflerent loca-
tions with respect to the length of the pipeline.

3. The mstallation of claim 1, wherein the components of
the pumped-storage system comprise:

at least one pump for expelling water from the pipeline;

and

at least one machine-driven generator for generating

clectricity from the mcoming flow of water.

4. The 1nstallation of claim 3, wherein the machine 1s a
turbine.

5. The nstallation of claim 3, wherein the pump and the
machine communicate with the pipeline through a common
manifold.

6. The nstallation of claim 3, wherein the pump and the
machine communicate with the pipeline through a common
bulkhead.

7. The 1nstallation of claim 3, wherein the pump and the
machine communicate with the pipeline at different longi-
tudinal locations.

8. The nstallation of claim 7, wherein the pump and the
machine communicate with the pipeline through respective
bulkheads.

9. The mstallation of claim 1, wherein the components of
the pumped-storage system comprise at least one reversible
machine coupled to a generator/motor, the machine being
driven by the generator/motor to expel water from the tank
and driving the generator/motor to generate electricity from
the incoming flow of water.

10. The 1nstallation of claim 9, wherein the machine 1s a
reversible turbine.

11. The installation of claim 1, wherein the towable unit
comprises a bundle of parallel pipes.

12. The installation of claim 11, wherein the pipes of the
bundle are joined to form a common volume.

13. The installation of claim 12, wherein the pipes of the
bundle are joined at their ends by a manifold.

14. The 1nstallation of claim 13, wherein the manifold 1s
defined by a bulkhead that 1s common to the pipes of the
bundle.

15. The installation of claim 11, wherein the pipes of the
bundle are closed by at least one common bulkhead.

16. The installation of claim 11, wherein the pipes of the
bundle are separate from each other and have respective
pumped-storage systems.

17. The 1nstallation of claim 11, wherein the pipes of the
bundle are contained within a carrier pipe.

18. The installation of claim 17, wherein the carrier pipe
defines a sealed chamber that 1s resistant to hydrostatic
pressure.

19. The 1nstallation of claim 11, wherein the pipes of the
bundle surround a core pipe.

20. The nstallation of claim 19, wherein the core pipe and
the pipes of the bundle am joined to form a common volume.
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21. The nstallation of claim 1, wherein the pipeline 1s
anchored to the seabed at intervals along the length of the
pipeline.

22. The installation of claim 1, wherein the pipeline
comprises a weight coating.

23. The nstallation of claim 1, wherein the pipeline 1s at
least 500 m long.

24. The 1nstallation of claim 1, further including at least
one tidal turbine supported by the installation.

25. The installation of claam 1, wherein the pumped-
storage system has an inlet for receiving the mmcoming tlow
of water at substantially the same depth 1n the sea as the
tank.

26. The nstallation of claim 1, wherein the pumped-
storage system has an outlet for the expelled water at
substantially the same depth in the sea as the tank.

27. The 1nstallation of claim 1, wherein the pipeline 1s a
pipe-in-pipe structure comprising nner and outer pipes
defining an annulus between the mner and outer pipes that
1s filled with a weight filling.

28. The installation of claam 1, wherein the pipeline
comprises a bundle of parallel pipes embedded 1n a matrix
or encapsulated by a shell.

29. A method of installing a subsea energy storage instal-
lation, the method comprising:

towing to an oflshore installation site a unit that comprises

at least one elongate rigid pipeline and a pair of
towheads located at opposed ends of het pipeline,
wherein the pipeline 1s arranged to be held 1n tension
between the pair of towheads and to hang between the
pair of towheads as a catenary during towing, and
wherein each of towheads serves as a support structure
for pumping and hydropower generation components
of a pumped-storage system; and

lowering the unit to a seabed location at the installation

site where the elongate rigid pipeline serves as a subsea
tank.

30. The method of claim 29, comprising lowering the unit
with the pumping and hydropower generation components
mounted on the support structure.
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31. The method of claim 29, preceded by fabricating and
testing the unit at an inshore or onshore location.
32. The method of claim 31, comprising assembling a
bundle of elongate rigid pipelines.
33. A method of installing a subsea energy storage instal-
lation, the method comprising:
at an oflshore installation site, launching a pipe string
overboarded from an installation vessel at the surface to
a seabed location to serve as a subsea tank; and

incorporating, at the surface, a pair of terminal modules
into the pipe string at opposed ends of the pipeline,
cach terminal module being welded to a respective end
of the pipeline to close and seal the respective end of
the pipeline and being a support structure for at least
one pumping or hydropower generation component of
a pumped-storage system.

34. The method of claim 33, comprising launching the or
cach module with pumping or hydropower generation com-
ponents mounted thereon.

35. The method of claim 33, comprising incorporating an
at least one additional module at an intermediate position
between opposed ends of the pipe string.

36. The method of claim 29, comprising anchoring the
installation at the seabed location.

37. The method of claim 29, comprising connecting a
subsea power cable to the at least one pumping or hydro-
power generation component.

38. The method of claim 37, comprising connecting the
subsea power cable when the or each component 1s at the
seabed location.

39. The method of claam 33, comprising anchoring the
installation at the seabed location.

40. The method of claim 33, comprising connecting a
subsea power cable to the at least one pumping or hydro-
power generation component.

41. The method of claim 40, comprising connecting the
subsea power cable when the or each component 1s at the
seabed location.
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